An experimental investigation was performed to investigate two-dimensional axial velocity field at downstream of the 90˚ double bend pipe with and without inlet swirling condition. The main objectives are to find separation region and observe the influence of inlet swirling flow on the velocity fluctuation using ultrasound technique. The experiments were carried out in the pipe at Reynolds number Re = 1 × 10 4 . In case of inlet swirling flow condition, a rotary swirler was used as swirling generator, and the swirl number was setup S = 1. The ultrasonic measurements were taken at four downstream locations of the second bend pipe. Phased Array Ultrasonic Velocity Profiler (Phased Array UVP) technique was applied to obtain the two-dimensional velocity of the fluid and the axial and tangential velocity fluctuation. It was found that the secondary reverse flow became smaller at the downstream from the bend when the inlet condition on the first bend was swirling flow. In addition, inlet swirling condition influenced mainly on the tangential velocity fluctuation, and its maximum turbulence intensity was 40%.
Introduction
Pipeline systems in many industries and power plants are usually characterized by its layout complexity, which consists of many main long straight pipes and secondary pipes connected by sharp bends. In nuclear power plants, the flow downstream of a 90˚ bend is essential for the primary and secondary cooling How to cite this paper: Shwin, S., Hamdani, A., Takahashi, H. and Kikura, H. [6] . When the non-dimensional curvature ratio of the bend is greater than 1.5, the secondary flow which consisting of a pair of counter-rotating vortices (Dean vortices) are generated. Meanwhile, the velocity profile of the primary stream wise flow is distorted and shifted away from the center of the curvature of the elbow [7] . For the small curvature ratio, Kawamura et al. [8] Also, they found that the power spectrum of the turbulence intensity downstream near the elbow with any curvature ratio and Reynolds number had a distinct peak at the reduced frequency of about 0.5. Later on, Ono et al. [9] investi- The experiments on the above previous studies mainly were conducted under the inlet condition of fully developed flow and flat velocity profile. However, non-uniform velocity profile on the inlet condition might be appeared in a specific condition. Kubo et al. [10] confirmed that a swirling flow occurred in the dual elbow. The experiments were done by two-dimensional Particle Image Velocimetry (2D-PIV) at Reynolds number Re = 3 × 10 5 with three types of curvature ratio R c /D = 1, 1.5, 2. They found that the swirl intensity of the swirling flow, which was generated in the dual elbow, became high and fluctuated largely as the curvature ratio was small. The influence of inlet swirling flow on 90˚ bend Orlu [12] experimentally studied the influence of swirling intensity at the inlet on the 90˚ bend pipe flow. The investigation was done using stereoscopic particle image velocimetry. When the swirl number was increased to S = 1.2, it was found that the Dean vortices at the downstream of bend pipe became a single large-scale motion located almost at the center of the pipe and flow became a dominated swirl flow. Swirling inlet flow condition is also encountered in the cold-leg piping system in a nuclear reactor. Therefore, Yamano et al. [13] [14] investigated the effect of swirl flow at the inlet on the 90˚ double bend pipe both experimentally and numerically, to evaluate the flow-induced vibration for primary cooling pipes in the Japan sodium-cooled fast reactor (JSFR). The experiment was done by PIV method with curvature ratio R c /D = 1. They found that the flow separation region was deflected at the downstream from the bend when the inlet condition on the first bend was swirling flow. Later, Mizutani et al. [15] investigated the influence of inlet condition upstream the triple elbow. Particle
Image Velocimetry (PIV) was used for the velocity flow mapping, and the tangential injection method was used to generate swirling flow on the inlet. The triple elbow with curvature ratio R c /D = 1 was used to be close to an actual condition and to accumulate knowledge towards optimization of a prospective piping layout in the conceptual design of Japan Sodium Fast Reactor (JSFR) [16] .
In the previous studies, the researchers mostly used the optical system to measure the velocity field and velocity fluctuation. However, the optical system has some challenges to apply in non-transparent wall channel or pipe. Also, it is difficult for the applications in actual plant process. Thus, another measurement technique should be developed to evaluate the velocity field and velocity fluctuation. In addition, the influence of the strong swirling inlet on the double bend with curvature ratio R c /D < 1 has not been done yet. So in this study, the influence of the strong swirling inlet condition on the velocity fluctuation at the 90˚ double bend pipe with curvature ratio R c /D = 0.5 is investigated with ultrasound technique. Ultrasound technique measurement is used because its advantages which can be applied in the non-transparent pipe and opaque liquid flow [17] .
Initially, conventional Ultrasonic Velocity Profiler (UVP) method only measures one-dimensional velocity profile in the measurement line. In the case of two-dimensional velocity vector measurement, Takeda and Kikura [18] investigated velocity field of the mercury flow using UVP system with multiple transducers. Nevertheless, the measurement system using multiple transducers is quite large as the number of transducers is increased. To minimize this problem, the authors had developed a phased array UVP system. A phased array sensor has multiple ultrasonic piezoelectric elements; an ultrasound beam can be steered [19] for a detecting a water leakage in the tank. 
where f d is the Doppler frequency, s is the speed at which object is approaching the transducer, f 0 is the basic frequency of the transducer, and c is the speed of sound in the medium, i.e., water (c = 1480 m/s at 20˚C). If the object is moving at an angle θ to the transducer, then s = V * cosθ. By substitution, we get the Doppler shift equation for a single transducer:
Equation (3) can be rewritten as:
where 2 * cosθ applies to a roundtrip Doppler shift using a single transducer.
If two transducers are used, one receiver and one transmitter, as shown in Figure 2 . Then, 2 * cosθ becomes cosθ + cosγ, where θ is the angle between the transmitter and the vector V, and γ is the angle between the receiver and the vector V. Moreover, α = θ − γ, where α is the angle between the transmitter and receiver, then cosγ = cos(θ − α).
The Doppler equation becomes:
Using the trigonometric identity:
( ) cos cos * cos sin *sin
The Doppler Equation (5) 
In this paper, phased array sensor is used as transmitter and receiver (transceiver). As shown in Figure 3 , the number of piezoelectric elements is eight elements. These eight elements transceiver transmit ultrasound beam at the same time or delayed for certain time to get steering angle, then the beams from these transceivers will interference pattern forming (beamforming) into one beam.
For measuring two-dimensional velocity vector, the development system uses two piezoelectric elements as transceivers to calculate the actual velocity magnitude and angle from the returned signal at specific measuring volume, i.e., Channel 4 (Ch 4). The Doppler shift equation for the piezoelectric element number 8 is identical to Equation (7):
where f d8 is the Doppler frequency received by the piezoelectric element number 8 at angle α (measured clockwise from the axis of the transmitting beam), f 0 is basic frequency, V is the magnitude of the velocity of the particle travelling at angle θ (measured clockwise from the axis of the transmitting beam), and c is the speed of sound in fluid i.e. water.
The Doppler shift equation for the piezoelectric element number 1 is:
where f d1 is the Doppler frequency received by the piezoelectric element number 1 at angle β (measured clockwise from the axis of the transmitting beam), and all other terms are identical to those of the piezoelectric element number 8.
The signals from both of these transceivers are demodulated with the transmitted frequency f 0 to produce four quadrature signals. It should be noted 
From Equation (8) and Equation (9), we will get the equations for the sum and difference as follow: 
If sin β = −sinα and cosβ = cosα, then Equation (11) 
If V x = V * sinθ and V y = V * cosθ, then from Equations (12) and (14):
Since these V x and V y are orthogonal, the real magnitude can be determined by vector addition, and simple trigonometry can determine the angle: 
The spatial resolution or channel distance is defined as:
where Δy is channel distance, N cycle is a number of cycles per pulse, c is the speed of sound, and f 0 is the basic frequency of the transducer. If N cyle = 2, c = 1480 m/s, and f 0 = 2 MHz, then channel distance (Δy) is 0.74 mm.
Phased Array UVP system is showed in Figure 4 . National Instrument Lab-VIEW program is used to control Phased Array UVP system and reconstruct two-dimensional velocity vector. The measurement system consists of a 2 MHz phased array sensor with eight piezoelectric elements, 8-channel pulse receiver, analog to digital converter and personal computer to control the pulse receiver and analyze echo signal from the digitizer.
Near-Field Effect of Phased Array Sensor
In Phased Array UVP system, we have to consider the effect of the near field oscillation. The high oscillation burst occurs near the active elements surface. It influences the accuracy of the measurement close to the sensor (near-field region).
The near-field boundary of phased array sensor has been numerically investigated as shown in Figure 5 . The numerical calculation is based on the work by Ocheltree and Frizzel [20] and performed using MATLAB®. Near-field oscillation boundary depends on the width of piezoelectric element b and the wavelength of the ultrasound pulse λ. From Equation (20), we can estimate near-field oscillation length N oscillation of phased array sensor. Figure 6 . From the calculation, the near-field oscillation boundary is 5.78 mm from the element surface. Hamdani et al. [21] confirmed the nearfield effect on the velocity measurement. Velocity data on the near-field region showed a bad accuracy. Nevertheless, the velocity data beyond the near field showed a good agreement with conventional UVP, and they confirmed that the angle uncertainty for two-dimensional velocity was ±1˚.
Experimental Apparatus
The experiment was conducted in a horizontal water circulation system at atmospheric pressure, which consisting of the cooling system, electromagnetic flow meter, pump, ball valve, a bypass pipe, and flow conditioner as shown in , based on the bulk velocity and the pipe diameter. The cooling system is used to control and maintain a constant water temperature. The temperature is recorded using thermocouple during the measurements, and it is confirmed that the water temperature fluctuation is ±1˚C.
Swirling Generator
For the generation of swirling flow, some different methods exist (e.g., pipe rotation, tangential injection, guide-vane, twisted tape, helical turbulators, and propeller-type), which have a different effect on the main flow [22] . In this present the axial velocity distribution is made uniform by the function of the small tubes structure [23] . Therefore, the swirl intensity can be defined as the ratio of the circumferential momentum to the axial momentum.
For axisymmetric flow, swirl intensity is usually defined by its swirl number (S). A parameter S that is used by several researchers [24] [25] is defined as follow: where r is the radial distance from a pipe axis, v x is the streamwise mean velocity and v y is the circumferential mean velocity. An alternative to the parameter S on the rotating swirleris defined as follow [24] :
Equation (22) indicates that the swirl intensity can be evaluated directly from the angular velocity ω of the rotary pipe, the diameter D of the pipe and the bulk velocity U m of the flow through the pipe. 
Experimental Procedures

Results and Discussion
The experiments were done in the case of with and without inlet swirling flow condition. In the case of without inlet swirling flow condition, Figure 10 and It is confirmed that the generated swirling flow is symmetric, and the velocity distribution is homogenous. In the core region of the pipe, the velocity magnitude is lower than near wall region.
The highest velocity magnitude is between the core and near wall region.
After confirming inlet swirling flow, we investigated the influence of swirling flow on the flow structure downstream of the double bend. Figure 16 
Conclusion
Phased Array UVP system was applied for two-dimensional velocity measure- 
